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George C. Marehall Space Fl ight  C e n t e r ,  NASA-Huntsville, 

&abame, covers the work eccomplished on Contract NASB- 

- -  - 4221 f o r  €he rrirtt4-1 tahmdar month of the program, 

October 1963. 

The following items are included: 

1, Total Engineering hours expended during 

Metal Breie V o i d s  for the 30M1257 

S h i e l d  Panel. , 

4, Repair Procedures, 
I 

5 .  Ifeflection c h a r a c t e r i s t i c s  of M-'3 

T n s u l a t  ion. 

' b  
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HEAT SHIELD PANEL U E  QUALITY 

METAL TO METAL AND CORE To METAL AREAS 

Braze d i s c r e p a n c i e s  wi th  r e spec t  t o  metal  t o  metal and c o r e  t o  = t a l  

(sheer ties) d e f e c t 8  are  shown i n  Figure8 1 through 6 for all of t h e  

h e a t  s h i e l d  pane l s  produced on Contract NASA-6976. The extent of 

metal t o  metal or faying su r face  voids ( F S V )  f o r  t h e s e  pane l s  expressed 

a8 percentage of t h e  t o t a l  metal t o  metal braze areas v a r i e s  from 

.26% (u) 
25  4% (-) f a r  panel  No. 2 which exhibited t h e  l a r g e s t  metal to metal 
62 0 

void area. 

cong i s t ed  of l i g h t  f i l l e t 8  between the core and t h e  v e r t i c a l  leg of t h e  

. 
I 

f o r  panel No. 3 (Fig.$) to 3% (--) 19 f o r  panel No, 5 and 
620 620 t 

Only one panel (No. 4) showed any core t o  metal d e f e c t  which 

t 

eee raction edge nrembar. As euch, t h i a  c o n d i t i o n  would be a c c e p t a b l e ;  

however, t h e  panel  was rcrappcd f o r  o the r  r easons  ( excess ive  co re  t o  

facing voids), 
. 

The analysis fo r  t h e  e f f e c t  of such braze d i ec repanc ie s  

is g iven  i n  t h e  fol lowing eect ion.  
e 

I #  
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SECTION ; 

Core t o  Metal Voids 

The c o r e  to metal j o i n t  i s  assumed to c a r r y  t h e  e n t i r e  load. Since the 

v e r t i c a l  Leg of  the  Zee is 1'' the t o t a l  shea r  a r e a  f o r  the  panel ie 

40 rq. in. where a is  he length of the c o r e  ( k 8 . 3  in.>. The shear 

l o a d  per inch of  perimeter  then becomes - 
area. The c o r e  t o  metal  attachment a r ea  f o r  Type 4-15 core  pe r  square 

i n c h  of rurface would  be 4 x .,(I05 - ,020 i n  o f  s h e a r  a r e a .  The 

'a2 
4a 

o r  2 p e i  of wall  
4 

4 

2 * 

shear stress on the braze attachment is:  

f s  a a = 603q p s i  

Thr.aher'i: akrength allowable for t h e  s i lver -copper - l i th ium b raze  a l l o y  

ie 15,000 pei at RT and 12,750 a t  500" F (Ref:  Convair Spec. FZS-4-162A). 

i o r  a = 2.7 a i r  l c a d  p l u s  Q.72 p s i  dynanic load ( n o i s e  and vibration) 

q = 1.0 a i r  load p l u a  0.72 p s i  dynamic l oad  ( n o i s e  and v i b r a t i o n )  

f ,  = 2050 and 1 0 2 5  p s i  respectively 
* 

Thus f o r  the  worst  c o n d i t i o n  the maximum void a l lowab le  is 
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iPPROVPD BY L CJG I R & D OF S-LC HEAT SHIELD PANELS 1 ..Ct,Oll 

I 

Metal t o  Metal Voids - Short, Leg of Zee Member 

brate area is  0.675 and the t o t a l  braze area is 40 - 3.5 (a = 48.3). 

The panel  load is qa2 with the  t e n s i l e  stress i n  t h e  b r a z e  given by 
2 

4.4 * 3.5 
qa 

* 12.3q . Applying t h e  worst l oad ing  c o n d i t i o n  

q * (2.7 + 0.72) = 3.42 psi. 

braze t e n s i l e  a l lowable i e  approximately 25,000 p s i f  - conse- 

quentLy a very l a d e  margin is presen t  for t h i s  loading c o n d i t i o n ,  

The stress i n  t h e  braze i s  42 p s i .  The 

(Yo) 

Herr1 t o  Mttal‘Voids - Long Leg of Zee Member 

Wh0-p the cuspsite ed&e member ( long  l e g  of aee)ond f a c i n g  is bent by 
1 . .  < 

a rhear ‘load a t  paint P the edge 

:===+mT; 
r o t a t i o n  i e  given by: 

,03125 r a d i a n s  -9 31 & - 41.4 x (.89712 . 

2EI 2E1 2 x 29 x 106 x 1.84 

Where P .I $ aq lbs/inch 
7 

9 .. (2.7 + 0.72b3.42 p s i  

The etxeee i n  t h e  braze i e t  
. e- ,  

MC 2EIO 7 where  M = - f L 
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Sinca t h e  braze muet withstand t h e  shea r ing  f o r c e  r e s u l t i n g  from t h e  ' 

!R- 741 

- -  R & D OF S-1C HEAT SHIELD PANELS 1 mLCtlOCI I 

bending t h e  1 3 , 5 0 0  pal v r l t i m  mov he C-mnmrerl w i t h  the r-- - - 

a l lowab le  namely 15,000 p a i .  Actual va lue6  however for tbe Bi lve r -  

c o p p e r - l i t h i m  braze a l l o y  are 19,600 p e i  (RT) ( R e i t  Convair Spec. 

FHS0036) * "  

w i t h  t h e  panel edge eecured by means of b o l t s  to: t h e  support  beom 

flange8 the  p r inc ipa l  concern with voids between t h e  f a t i n g  and zee . 

o c c u r s  when the  f s c i n g  expkriencea a compression loading r e l ru l t i ng  from 

bending of t h e  .06" t h i c k  composite edse member ( f l i g h t  c o n d i t i o n  

, ,  108ding). A8 a r e 6 u l t  the facing would t end  to buckle i n  unbrazcd 

arm8 .o that vo ida3migh t  propagate into t h e  co re  t o  facing arean# 

p4W&cularly, if Cure t o  facing voids nea r  t h e  edge members were preeent.  

Where no core t o  fac ing  voidr near t h e  panel edge a r e  p r e s e n t ,  metal t o  

" 

. mta l  vo id  propagation is un l ike ly  s i n c e  t h e  panel edge r o t a t i o n  is very 

ST&!?. 

buckl ing i n  metal t o  metal  voided a r e a s  w i l l  not be produced, 

As ;; consegugnee, the coiiiijrec;give forsee required for cxtsrlu ive 

, 1 

I 
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K e p a i r  me thods  a p p 1 i c a k ) l e  t o  m e t a l  t o  m e t a l  h r n z e  1:oids i i i c l u d c :  

a .  s ' c c b n n i c a l  k a s t c r i e r s - - t  i t h e r  b l i n d  o r  c o u n t e r s u n k  r i v e t  f a s t e n e r s  

d e p e n d i n g  on t h e  v o i d  l o c a t i o n  d n d  i n t e r f e r e n c t '  r e q u i r e m e n t s  may 

b e  u s e d .  A recommended f a s t e n e r  i s  t h e  IIuPont A i r c r a f t  B l i n d  

E x p a n s i o n  K i v e t  (PN S e r i e s )  of  l o w  c a r b o n  n i c k e l  a l l o y .  T h i s  

f a s t e n e r  i s  a v a i l a b l e  w i t h  e i rkier  a T o d i f i c d  b r a z i e r  head or  

100L f l u s h  head.  Cxpansioi i  of t h e  r ivc l t  s i iank  is a c c o m p l i s h e d  b y  

a p p l y i n g  a h e a t e d  t o o l  t o  t he  r i v e t  head w l i i c h  a c t i v a t c , s  t h e  s v . i l c d  

i n t e r r i a l  chemical c h a r g e .  i'his t y p e  of  r i v e t  has b e e n  w i d e l y  u s e d  

f o r  a p p l i c a b l e  b r a z e d  p a n e l  r e p a i r s  wit!)  c o m p l e t e  s u c c e s s .  C e r t a i n  

NASA t e s t  p a n e l s  p r o d u c e d  on C o n t r a c t  ?;AS13-69?6 were  r e p a i r e d  u s i n g  

t h i s  t y p e  r i v e t ,  a s  shown i n  F i g u r e  7 . R e p a i r s  t o  v o i d s  i n  e i t h e r  

t h e  s h o r t  o r  l o n g  l e g  of z e e  n i e m h r t r  c a n  b e  r c ' a d i l y  a c c o m p l i  s h e d  

w i t h  t h i s  i a s r c ! i i n g  s y s t e n i  t i n r n  i n  r i le  f i e l d  a s  well ; IS  i ? ~  t h e  

panel  f a b r i c a t o r .  

, .  

b .  S p o t  ' d c l d s - - T t i i s  j o i n i n g  m e t h o d  h a s  b e e n  used f o r  m e t a l  t o  m e t a l  

r e p a i r s  where  t h e  a r e a  t o  b e  r e p a i r e d  i s  n c c e s s i h l e ;  i . c . ,  t h e  l o n g  

leg of t h e  z e e  arid t h e  f a y i n g  s u r t a c e s  a r e  s u f f i c i e n t l y  c l e a n  

( u n o x i d i z e d )  s o  a s o u n d  nugget  c a n  b e  lo rmed .  As a c o i ~ e q u t n c e ,  

t h i s  method i s  l i m i t e d  w i t h  r e s p e c t  t o  v o i d  l o c a t i o 1 1  a n d  equipinrr l t  

a va  i 1 a t, i 1 i t y . 

\ 
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REPAIR METHODS FOR CORE TO METAL (SHEAR TIE)  VOIDS 

Repair  for  core t o  m e t a l  or shear t i e  v o i d s  c o n s i s t s  of i n j e c t i o n  of a 

foam type  a d h e s i v e  through h o l e s  d r i l l e d  i n  the v e r t i c a l  l eg  of t h e  z e e ,  

c u r i n g  t h e  a d h e s i v e  and p lugg ing  tte d r i l l e d  holes  w i t h  a sea ler  or 

p o t t i n g  compound. 

a. C l c n r i  s u r f a c e  ( ' i i : K )  a11d l a \ ?  o u t  ! :o le  p a ~ t t e r : :  u s i n g  1.1)" !,alp 

s p a c i n g  and d r i l l  h o l e s  ( : io .  5 0  d r i l l ) .  

Inject v i a  8 l ever  t y p e  gun T h e n o - F o a m  6 0 ? ,  Type I (!!exct?l 

Products), Cover h o l e s  w i t h  one layer  lrlasking t a p c .  reopen 

h o l ~  a n d  add another  l a y e r  of type o v e r  same a r e a  ( ~ 3  I lo l t - s ) .  

T h i s  p r o v i d e s  an expans ion  a r e a  t o r  the  a d h e s i v e  t o  ~ l o w  i r r t  o 

d u r  i n g  t +e c u r i n g  . 

b. 

--- -- 

180 -190  1 f o r  25-30 n i l ) .  followcd b v  

2 2 5 - - 2 4 0  1 f o r  5 o - b o  m i l l .  followed b y  

325  - 3 5 0  F f o r  2 5 - 3 0  m i l l .  

d .  P c o p t ~ n  hi>lcs u s e d  f o r  i n j c c t i n n  t o  a d f a p t h  o f  a p p r o x i m a t e l \  

0.1" arid s e a l  w i t 1 1  S i l a s t i c  ]<Ti'. 
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tmum s i z e s  of metal t o  netal  and care to  metsl braze voids 

for acc'eptrnce "a8 is" are given I n  Table . Theee 

I! sp!ci!!g requirements 2 r e  t?.=eec! on ompitical, ets??dards 

modified for  t h e  S-1C heat s h i e l d  p a n e l  requlrements. 

, 

4 



PREPARED E Y  IN' - AERONCA MANUFACTURING CORPORATION 
MIDDLETOWN. OHIO 

CUECKED BY 

R 6 D OF S-1C HEAT SHIELD PANELS APPROVED ny CJG 

16 
ER- 741 REPORT- 

SECTION 

u 
C 
d 
0 k 
--I w 

: C 
4 s 

k u  
0 rn 

W 
a, 
N 
Rl 
k 
P 
c 
3 

ru 
0 

Ld 

a, 
P 
E 
3 
c 

a 
Q, 
N u 

0 
C 

m 
k n 

aJ n a, 
k 

E" 
. 
m 
Q) 
.d 

U 

k 
a 
iL1 
Jz m 
aJ > 
-4 

m 
L: m 

U u 
x u 0  
a o c  

k 
0 

5 
E + 
X 
4 
E 

Q) 
.rl 
U m 

Q, 
I: 
m 

U 
7 u 
a, m 
c 
0 
V 

In 

k 
m aJ s 
m 

a 
0 > 
.rl 

rp 
U 
-.-I 

01 
-f 
n 
m 
4 2  a 
Q) 
V 
U 
m 

x 
t-l 
a, 
U 
aJ 
d 

? 
0 
U 

U 
k 
Q, > 

h 
C 
4 

c 
4 

r-3 

h 
C 
d 

n 
a 
d 
0 > 

m 
z 
0 



1)Y P PREPARED BY ~ _ _ _  

CHECSED B Y - -  - 
A P P R O V E D  BY - ___ C J C  

- p- _- 

c 

AERONCA MANUFA~TURING CORPORATION r A G L _  - 1 7  
MIDDLETOWN. onto  

REpORT LIJ- 74 1 

SECTION K W  O F  S - I C  IiFAI' StiT F I J I )  PASf 1,s 
_. -. -~ - 

. 

0 

'0 

0 
u) 
z 
0 
In 
> 
W 

- - 
a 

FORM 4 0 4 0  
(ronwrnLY r N - i t )  l #  3 9 - 1  

DEFLECT1 'AN CYARACTFRT STT tS 01' "- 7 1 14: S:'WTIO?J 
-kff?%-~I'. .LESS -_ - -- STtL=c-'!Ut.L'.i'i F.! l '.i OKL:.?IL:;T 

* 

An important consideration i n  the uae of ceramic materials for heat  

s h ~ e l d ~ p m l  applications is the d e f l e c t i o n  allowable; i . e . ,  the  amount 

nf handing the cnmp9site - a n e l  r--- C":: wftk8tand befo rc  fa i l i i re  sf t h e  

c e r a m i c  o c c u r s  f rom t h e  r e s u l t a n t  t e n s i l t ,  s t r e s s .  The d e f l c c t i o n  

characteristics of ?+-31 w e r e  r e c e n t l y  d e t e r m i n e d  b y  A e r o n c a  a s  p a r t  of t h e  

S-1R lleat s h i e l d  p a n e l  p r o g r a m  ( ( ' o n t r a c t  N A S H - 4 0 1 6 )  a n d  a r e  included a s  

p e r t  i n t n t  d e s i g n  i n f o r m a t i o n .  

-- 

\ 
'The t e s t  a r r a n g e m e n t  employed, shown i n  F i g u r e s  8 a n d  9 ,  ucilizrd a 

3frx15" s p e c i m e n  w i t h  two p o i n t  l o a d i n g .  Spec imen c o n f i g u r a t i o n  w a s  a 

1.02" t h i c k  l o a d  b e a r i n g  panel  w i t h  0.250" t h i c k  8-15 open  f a c e d  core 

deformed t o  a b o u t  0.2" i n  h e i g h t ,  M-31 t h i c k n e s s  was 0.3". 'ihe t e s t  

d a t a  is g i v e n  i n  T a b l e  2 ,  

_ _ _ _  . - 
* 

The r a d i u s  of c u r v a t u r e  f o r  t h e  d e f l e c t i o n  a t  w h i c h  f a i l h r e  o c c u r r e d  my 

b e  c a l c u l a t e d  by 
2 c - 

K 2 w h e r e  C c h o r d  l e n g t h  
2 H  11 deflect i o n  

2 
7 - 

K 2  418  i n c h e s  -- 
.029 

For  t h e  jOM12571 p a n e l  u s i n g  the  :?f d e f l e c c  i o n  a l l o w a b l e ,  t h e  c o r r e s p o n d i n g  

radius of c u r n a t u r e  is: 
i '  

2 4 8 . 3  

1 

R . 7 -  - 583 i n c h e s  
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Tftcrefore, t h e  s a f e t y  f & c C ~ r  w i t h  regard t o  t h e  deilection p r o d u c e d  
c 01 a U.4 

cracking or t h e  W-51 I s  apprcx lnate ly  - or 1.38. 418 
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MIDDLETOWN, onto 
HECKED DY 

K&D O F  S-LC HEAT SHTkLI) PAULLS PPROVED BY 

TEST PANEL FABRICATION AND TEST PLAN 

, 

Test panclo 20"x30"xl.02" t h i c k  c o n s i s t i n g  of Type 4-15 core 

€,OH thfck and 0.010 facings both  of PH 15-7  Mo a l l o y  s i l v e r  

schedule. 
\ 

brerert are cr?rrent!y b t f c g  fsbricated p e r  sttached 

# 

The t e e t  p a n e l s  c o n t a i n i n g  holes r e p r e s e n t a t i v e  of the l a r g e s t  

s i z e  ins trumentat ion  mount fng requirements  3/4" diameter  and about 

2" diameter  w i l l  b e  s u b j e c t e d  t o  a bending l o a d  b y  means of a 

p a r t i a l  p r e s s u r e  a p p l i e d  t o  Lhe panel  v i a  a vacuum box f i x t u r e  

(Pig,  IZ ), This  type of loading and panel  support  s i m u l a t e s  

E-mourHiLng and s i r  lads a d  I8 expected t o  

be l e s s  cost ly  than t h e  s imple  beam type  b e n d i n g  f i x t u r e  i n i t i a l l y  

proposed. S t r e s s  c o n c e n t r a t i o n s  around t h e  o p e n i n g s  w i l l  b e  deter- 

rnincd using stresscoat while the magnitude of  the stresses  will Le 

determined w i t h  strain q a g e s .  The t e s t s  wtl l  b e  conducted a t  room 

temperatures . 
I '  
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